Abstract -The objective of this work was to evaluate the physiological and production parameters of soybean (Glycine max) cultivars of determinate and indeterminate growth habits, in three levels of soil moisture. Three cultivars of determinate growth habit and three of indeterminate growth, at the beginning of the reproductive stage, were subjected to three levels of soil moisture: control, moisture at field capacity; moderated, 50% of the control level; and severe, 25% of the control level. Leaf gas exchange, xylem-water potential, chlorophyll content, chlorophyll a fluorescence, plant dry matter, and grain yield per plant were evaluated. The cultivars of indeterminate growth habit showed the greatest values for stomatal conductance and CO 2 assimilation at the severe treatment, which led to the higher water consumption, in the morning, and to the lower xylem water potential, in the afternoon; however, there was no gain of soybean dry matter. In both growth types, the intensity and duration of the severe level of soil moisture were not able to change the chlorophyll fluorescence. Soybean cultivars of both growth habits, subjected to severe levels of soil moisture from flowering to pod insertion, show no significant change for dry matter and grain yield.
Introduction
Soybean [Glycine max (L.) Merrill] is considered one of the most important crops in the world, with a yield of 241.84 Tg (FAO, 2012) . Currently, Brazil is the second largest producer of soybean, with 97.18 Tg in the 2015/2016 harvest (IBGE, 2016) .
Soybean can be classified, according to its growth habit, as determinate or indeterminate. In cultivars of determinate growth habit, the apical meristem stops the differentiation of new leaves after floral induction, while in cultivars of indeterminate growth habit, the differentiation of leaves occurs over some time after the floral induction (Tanaka & Shiraiwa, 2009 ). In the last years, the search for soybean cultivars with indeterminate growth significantly increased in Brazil (Perini et al., 2012) . This is due to the necessity of earlier sowing dates to allow of both the corn sowing as a second-crop and the reduction of the damage caused by Asian soybean rust, as plants with indeterminate growth habit have a more open canopy, which enables pesticide application to more easily reach the lower third of the plant.
The occurrence of abiotic stresses can reduce crop yield significantly, which restricts the dates and places for the planting of commercially important grainyielding species. The abiotic stress caused by water deficiency reduces soybean development and yield, caused by diminishing of leaf area (Sincik et al., 2008) , and changings on photosynthesis (Fenta et al., 2012) , and gas exchange characteristics (Liu et al. 2005; Bertolli et al., 2012; Catuchi et al., 2012; Li et al., 2013; Madhu & Hatfield, 2014) .
As for the tolerance to very low levels of soil moisture, some authors reported that cultivars with indeterminate growth habit show better ability to recover from this abiotic stress, as they continue to growth after the beginning of the floral stage, maintaining the potential to form new flowers and pods after a strong deficiency of soil moisture (Villalobos-Rodrigues & Shibles, 1985) . However, Tanaka & Shiraiwa (2009) , analyzing the morphophysiological differences in the leaves of both soybean growth habits, observed that plants of indeterminate growth habit showed a greater stomatal conductance than those of the determinate growth, in good soil-water availability, and attributed this fact to a greater stomata density in the leaves. They also reported that gas exchange characteristics should be taken into consideration in plant breeding programs for tolerance to low-moisture levels, since determinate growth cultivars wilt slower than those of indeterminate habit. However, the authors did not evaluate how plants woul respond to the exposure to soil moisture deficiency. Brevedan & Egli (2003) analyzed the effect of short drought periods (less than 13 days) in a soybean cultivar, during seed filling, and reported 39% of yield losses .
Considering the responses of the growth habit as a consequence of soil-moisture deficiency can be of great value to improve plant breeding programs for tolerance to this stress.
The objective of this work was to evaluate the physiological parameters, dry matter accumulation, and grain yield of soybean cultivars of determinate and indeterminate growth habits subjected to different levels of soil moisture.
Materials and Methods
The experiment was carried out in the Capim Branco experimental farm (18.88ºS, 48 .34ºW, at 900 m altitude), of Instituto de Ciências Agrárias of Universidade de Uberlândia (UFU), in Uberlândia, MG, Brazil, from October 2014 to January 2015, in a greenhouse, in a completely randomized experimental design. For the physiological variables, a 3x2 factorial arrangement -with three levels of soil moisture, and two soybean growth habits -was used, with four replicates. For the determination of dry matter mass (root and shoot) and grain yield, a 3x6 factorial arrangement -three levels of soil moisture, and six cultivars -was used, with two and four replicates, respectively.
The treatments consisted of six cultivars, three of determinate and three of indeterminate growth habits, and the following three levels of soil moisture: control, moisture at field capacity; moderate, 50% of water volume applied to the control; and severe, 25% of water volume applied to control. The evaluated cultivars of determinate habit were UFUS Xavante, UFUS Carajás and MG/BR 46 (Conquista), and those of indeterminate habit were UFUS 6901, BRSMG 772 and BRSMG 7525. These cultivars were chosen because they are recommended for the region where the experiment was done.
Plastic pots of 12 dm 3 were used; they were filled with a mix of fine sand, soil, and Plantmax organic substrate at 1:1:1, which resulted in a substrate of sandyloam texture, with 4% organic mass. The workbenches where the pots were set had an electronically controlled drip irrigation system, and the drippers had a 7.2 L h -1 flow rate, with 98% uniformity distribution coefficient.
Sowing was done on October 10, 2014, with five seed per pot. After the CV stage (first cotyledon leaf), the seedlings were thinned to two seedlings of the same cultivar per pot. From the stage V2 (two completely developed trefoils) on, the pots were fertilized with 2.6 grams per pot every ten days, using N-P 2 O 5 -K 2 O 20-10-10 formulation with micronutrients (Nutrigramas, Vitaplan, Comércio de Produtos Agropecuários, Nilópolis, RJ, Brazil).
Evaluation of water tension in the substrate was done using 24 tensiometers of 20 cm long, which were randomly placed in one replicate of each experiment. Water tension reading was done with a digital puncture manometer (Blumat Digital, Telfs, Austria). Irrigation Pesq. agropec. bras., Brasília, v.52, n.6, p.419-425, jun. 2017 DOI: 10.1590/S0100-204X2017000600005 before and after the period of the treatment application was done to maintain the water potential next to soilwater capacity in the pots, which was experimentally determined as a value between 5 and 15 kPa. The levels of moderate an severe soil moisture were applied at 44 days after seed emergency (DAE), when plants were between the stages R1 (beginning of flowering ) and R3 (beginning of pod formation), and these levels were maintained for 13 days, finalizing at 57 DAE. The evaluation of the phenological stage was done according to the scale of Fehr & Caviness (1977) .
Meteorological data inside the greenhouse were obtained with a Vantage Pro2 automated meteorological station (Davis Instruments Corporation, Hayward, CA, EUA) programmed to report data every 10 min. Data on air temperature (0.5ºC accuracy), surfacesolar irradiance (5% accuracy), and relative air moisture (3% of accuracy) were collected throughout the duration of the experiment. The water vapor pressure deficit (De) was calculated with the data of air temperature and relative air moisture.
The assimilation of CO 2 (A, μmol
, and leaf temperature (T, ºC) were analyzed in one trefoil of the middle third of each replicate by a Lcpro-4 infrared gas analyzer (Analytical Development Co., Hoddesdon, England). . However, only the Ufus Carajás (determinate habit) and the BRSMG 772 (indeterminate habit) cultivars were analyzed, due to the 1-hour window time frame available for the analyses of gas exchanges, limited to the equipment capacity of 24 plots per hour.
Chlorophyll measurements were made with the portable electronic measurer CFL-1030 clorofiLOG (Falker Automação Agrícola, Porto Alegre, RS, Brazil), which provides relative measurements of total chlorophyll (0 to 100) that correlates with total chlorophyll content (Rigon et al., 2012) . Measurements were made in the morning (±8:00 h) and in the afternoon (±14:00 h), in the third and in the twelfth days after the water-regime treatments . At the same schedule, chlorophyll fluorescence was also estimated with a Mini-PAM modulated-light fluorimeter (Heinz Walz GmbH, Effeltrich, Germany). Minimum (Fo), maximum (Fm), and variable (FmFo) fluorescence values were obtained after 30 min of adaptation to darkness, with appropriate DLC-8 clips. Potential quantum yield of photosystem II was calculated from that data, with the following equation: (Lambers et al., 2008) . The decrease of Fv/Fm ratio is an indication of stress and damage to the thylakoid membranes (Prasad et al., 2008) .
Xylem-water potential (Y) was measured before dawn (±5:00 h) and in the afternoon (±14:00 h), using a 3005F01 Scholander pressure chamber (Soil Moisture Equipment Corp., Santa Barbara, CA, EUA). To do this, one of the trefoils of the upper third was detached from the plant and placed inside the pressure chamber, in order to measure its water potential.
After the applications of moderate and severe soil moisture treatment, dry matter mass of root and shoot was evaluated in two replicates of each treatment. Plants were harvested, roots were separated from shoots at the collar and dried at 65ºC until constant mass was obtained. Grain yield per plant was obtained by weighing beans of all the remaining parcels (four replicates). All the data were subjected to the ShapiroWilk's test for normality of residues, and to the analysis of variance. The means were compared by the Tukey's test, using the software Assistat (Silva & Azevedo, 2009) .
Results and Discussion
Atmospheric conditions were not limiting to soybean crop in day periods, and air temperature, water vapor deficit, and solar radiation were, respectively, 23.3ºC, 0.755 kPa, and 192.5 W m -2 , in the morning, and 29.2ºC, 1.81 kPa and 365.5 W m -2 , in the afternoon. The increaseof water vapor deficit (De) in soybean has been associated with the increase of plant transpiration rate. Gilbert et al. (2011) reported that values greater than 2.0 kPa for water vapor deficit caused significant differences in the transpiration rate.
Stomata conductance was affected by severe soil moisture deficit both in the morning and in the afternoon, irrespective of growth habits (Figure 1 ). An increase of stomata conductance and of CO 2 assimilation was observed in the control treatment (soil at field capacity) for both growth habits, in the afternoon, probably in response to water vapor deficit that increased from 0.75 to 1.81 kPa. There was a reduction of CO 2 assimilation, with the increase of water restriction (moderate to severe treatments), similarly to the findings of Liu et al. (2005) . However, in the severe treatment, there was a recovery of stomata Pesq. agropec. bras., Brasília, v.52, n.6, p.419-425, jun. 2017 DOI: 10.1590/S0100-204X2017000600005 conductance and CO 2 assimilation for the cultivars of indeterminate growth habit.
Reduced transpiration by stomata closing, in plants under severe soil moisture stress, may be a desirable characteristic in soybean plants cultivated without irrigation, especially in arid regions, in order to save water in the initial stages of the crop, which enables a water supply to be available for later stages when water is most needed (Sinclair et al., 2005) . Therefore, since the cultivars of indeterminate habit showed greater values of stomata conductance and CO 2 assimilation, under severe drought treatment, they could also reach the wilting point more quickly.
Xylem-water potential (y), in the morning, did not show significant interaction with growth habits of the soybean cultivars; however, the plants subjected to severe drought showed lower values -more negative ones -for this parameter (Table 1) . However, in the afternoon, indeterminate growth habit cultivars showed lower xylem water potentials. This result can be attributed to greater stomata conductance in indeterminate growth habits, which had an increase of transpiration in the morning leading to a faster consumption of water contained in the substrate and, consequently, to a lower-water potential in the afternoon. Tanaka & Shiraiwa (2009) observed that soybean with indeterminate growth habit has greater stomata conductance; however, the authors did not subject both growth habits to a severe soil moisture treatment. Notheless, these authors' findings help to explain the light increase of stomata conductance in the present work, in soybean of indeterminate habit subjected to severe stress, despite the different conditions of the experiments. (UFUS 6901, BRSMG 772, and BRSMG 7225) subjected to the following treatments: control, soil moisture at field capacity; moderate stress, 50% of the control soil moisture; and severe stress, 25% of the control soil moisture. Uppercase letters refer to growth habit, lowercase letters refer to soil moisture level. Means with equal letters do not differ by the Tukey's test, at 5% probability.
ns Nonsignificant. Leaf temperature was not affected by soybean growth habit; however, it had a significant increase in the severe treatment (Figure 1 C) because stomata closing contributed to leaf temperature rise, as shown by Inamullah & Isoda (2005) , who reported a more rapid increase of leaf temperature in soybean than in other crops, such as cotton. The plants that were subjected to the control treatment had lower-leaf temperatures than the other two treatments because stomata remained open due to water availability.
Values of Fv/Fm in a healthy plant are near 0.8, but can be lower in consequence of abiotic stresses (Krause & Weiss, 1991) . In the present study, the values of Fv/Fm varied from 0.83 to 0.87, with no significant differences between treatments, meaning that the application of moderate and severe levels of soil moisture for 13 days was not sufficient to cause damage to the photosystem apparatus (Figure 1 D) . The values of Fv/Fm found in this study are greater than those reported by Bertolli et al. (2012) , but similar to those found by Huang et al. (2006) .
Dry matter mass of root, in both growth habits, showed no significant differences between treatments of soil moisture stress, although the means of the control treatment were greater than those of severe and moderate stresses (Figure 2) . To obtain a high grain yield and high production of dry matter mass, plants require a high-stomata conductance over time, to allow of a greater CO 2 assimilation per leaf area, under different conditions (Blum, 2009) . Mass of shoot dry matter of both growth habits showed 30-45 g in the severe moisture treatment.
The lack of difference for the accumulation of root dry matter between both growth habits, subjected to the same levels of soil moisture stress, can mean that differences of assimilation by plants of indeterminate growth habit, in comparison to those of determinate growth, was used for other purposes than the Table 1 . Water potential (Y), in the morning and in the afternoon, of soybean (Glycine max) cultivars of determinate and indeterminate growth habits subjected to three levels of soil moisture (MPa). accumulation of dry matter, as the yield of dry matter mass is associated with transpiration (Blum, 2009) . It is possible to consider that cultivars of indeterminate growth habit consume more water than those of determinate growth, without implying differences for matter mass; threrefore, it can be inferred that the plants of determinate growth habit are more adequate to tolerate water stress than those of indeterminate growth. No significant differences were observed for chlorophyll content between cultivars of both growth habits; however, there were significant values in response to soil moisture levels, which resulted in: 41.18, for the control; 37.5, for the moderate soil moisture; and 36.32 (Falker index), for the severe stress, in which the severe treatment differed from the control. Similar results were found by Inamullah & Isoda (2005) .
No significant differences were observed for grain yield between the two soybean growth habits, which was also not affected by the levels of moderate and severe soil moisture (Table 2) . Brevedan & Egli (2003) applied a severe soil-moisture regime for 13 days to soybean crop, in the pod filling stage, and reported 39% losses of grain yield; however, those authors used only one soybean cultivar (Elgin 87). Catuchi et al. (2012) reported greater grain yield losses of soybean subjected to severe levels of soil moisture, for a total of 25 days, from flowering to the beginning of pod filling stage. In the present study, plants were subjected to different water regimes for 13 days (beginning of flowering to the beginning of pod set), which allowed of a sufficient time (55 days) for plants to recover until maturation.
Conclusions
1. Soybean cultivars of indeterminate growth show greater stomata conductance and CO 2 assimilation than the determinate growth ones, when subjected to severe levels of soil moisture.
2. Soybean cultivars of both types of growth habits show no significant changes in the production of dry matter and grain yield, when subjected to severe levels of soil moisture from flowering until pod set. 
